To evaluate the feasibility, effi cacy, and safety of percutaneous vertebroplasty (PV) in the treatment of pathologic fractures owing to malignancy with epidural involvement, with or without neurologic symptoms of spinal cord or cauda equina compression.
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Saliou et al considered to be irreversible, or when the patient's condition contraindicated the operation. Neurologic defi cit was considered as irreversible when paraplegia had been present for more than 1 month, with spinal cord T2 hyperintensity, and when spinal cord atrophy was seen at MR. Spine surgeons did not perform vertebrectomy combined with stabilization of the spine in the presence of disseminated bone metastases, which constitute a contraindication to fi xation of vertebral devices above and below the vertebral level responsible for symptoms. Radiation therapy was not indicated when the patients had already received the maximum dose of locally applied radiation and PV was performed fi rst when rapid stabilization of the vertebrae was required owing to the delayed and sometimes incomplete action of radiation therapy ( 16 ) . Before undergoing PV, all patients were informed about the usual well-known risks and the rare but serious possible risks associated with treatment: infection, anesthetic hazards, and spinal cord or nerve root compression. Vertebral biopsies were obtained before or during vertebroplasty for histologic examination in each patient undergoing PV.
Imaging.-Nonenhanced computed tomographic (CT) scans (LightSpeed 16 or CTI; GE Healthcare, Milwaukee, Wis) and sagittal T1-and T2-weighted 1.5-T short inversion time inversionrecovery MR images (Signa Horizon-LX;
Materials and Methods

Selection Criteria
Patients.-A retrospective study was conducted over a 16-year period (1990 to 2006) . During this period, 508 consecutive patients were treated by using PV at our institution. The medical and imaging fi les for all 508 patients were reviewed for this study. All patients with at least one vertebral lesion associated with epidural involvement related to a primary malignant spinal disease (plasmacytoma or multiple myeloma) or metastatic spinal disease were included in this study. Patients who underwent vertebroplasty for a malignant vertebral lesion without epidural involvement or for trauma, osteoporosis, or angioma were excluded from this study. Fifty-one patients, 22 (43%) women and 29 (57%) men with a mean age of 62.5 years (range, 28-85 years), were included. The indication for PV was determined at a multidisciplinary consensus meeting composed of an experienced neuroradiologist, a neurosurgeon, and an oncologist. The decision fl owchart used by our multidisciplinary team to decide the treatment strategy is presented in Figure 1 . The local ethics committee gave its approval for retrospective review of the medical charts that yielded the data included in this paper. PV was indicated for bedridden patients who continued to experience pain despite opioid analgesics, with or without symptoms of spinal cord or cauda equina compression. All patients with spinal cord or cauda equina compression were terminally ill and received palliative care. In patients with neurologic compression (spinal cord or cauda equina), we decided not to perform surgery before PV, when symptoms were P ercutaneous vertebroplasty (PV) was initially described in patients with symptomatic vertebral angioma ( 1,2 ). The indication for this procedure was subsequently extended to the treatment of vertebral compression fractures related to osteoporosis, metastases, or multiple myeloma, with analgesic and stabilizing effects on the spine validated by multiple studies (3) (4) (5) (6) (7) (8) . Symptoms of neurologic compression are regarded by several authors to be a contraindication to PV, as the procedure would increase the risk of aggravating the symptoms ( 9 ) . In the absence of direct symptoms of compression, destruction of the vertebral wall and the presence of epidural involvement are considered to be relative contraindications ( 8 ) . Some authors have reported good results for PV owing to its analgesic and stabilizing effects in patients with vertebral compression fractures and a damaged vertebral wall without epidural involvement ( 6, 10, 11 ) . There have been only two reports ( 12, 13 ) of PV in vertebral lesions with epidural involvement, with no neurologic signs of spinal cord or cauda equina compression. Some recent studies ( 14, 15 ) have proposed to include PV in a decision fl owchart for patients with malignant vertebral fractures with epidural extension, with or without neurologic defi cit.
The objective of this study was to evaluate the feasibility, effi cacy, and safety of PV in the treatment of malignant vertebral compression fractures with epidural involvement, with or without neurologic symptoms of spinal cord or cauda equina compression.
Implication for Patient Care
PV should become part of the n palliative analgesic treatment regimen for patients with malignant fractures with epidural involvement, with or without neurologic symptoms of medullary or cauda equina compression.
Advances in Knowledge
Percutaneous vertebroplasty (PV) n is considered by some practitioners to be a contraindication in cases of malignant fractures with epidural involvement, with or without neurologic symptoms of medullary or cauda equina compression.
We observed a low complication n rate and good effi cacy of PV in those cases. 
PV Procedure
All procedures were performed by the three operators with substantial PV experience (G.S., H.D., and C.D.) by using a C-arm angiographic unit (AdvantX; GE Healthcare) under aseptic conditions. Vertebroplasty was performed key muscles below the neurologic level have a muscle grade of 3 or more; and E (normal impairment), motor and sensory function are normal.
The following radiologic parameters were studied: level and number of vertebral lesions, vertebral structure seen at CT (osteolytic, osteosclerotic or mixed), and presence of an osteolytic lesion on the posterior vertebral body wall.
PV parameters were the type and number of approaches per vertebra, the volume of cement injected, the quality of intravertebral cement fi lling, the presence and sites of cement leakages, and technical failure of treatment.
The quality of cement fi lling was deemed as complete or incomplete on imaging studies performed immediately after PV by the same neuroradiologist. Each vertebra was divided in nine sections of the same size in front and lateral views, one central section and eight peripheral sections. Cement fi lling was considered as complete when cement was present on each section on both views. When this was not the case, cement fi lling was considered as incomplete ( Fig 2 ) .
Safety and Outcome Evaluation
All data (clinical, imaging, and laboratory data) were prospectively entered in a database by the operator who performed the procedure (H.D., C.D., or G.S., each with . 5 years experience treating . 100 patients by means of ver-GE Healthcare, Milwaukee, Wis) of the spine were systematically obtained before surgery. A plain-fi lm radiograph and a nonenhanced CT scan of the spine were obtained immediately after surgery.
Parameters for Analysis
The etiologic parameters of the spinal disease were determined by means of histologic examination of biopsy specimens obtained before or during PV.
The following clinical parameters were studied: age and sex of the patients, pain (spinal and radicular pain), etiology of the spinal disease, presence of neurologic compression symptoms, presence of treatment-related complications (infection, symptomatic pulmonary embolism, neuralgia, and spinal cord or cauda equina compression), and clinical follow-up after treatment. The severity of the neurologic defi cit was assessed by using the ASIA impairment scale ( 17 ) : A (complete impairment), no motor or sensory function is preserved in segments S4 through S5; B (incomplete impairment), sensory but not motor function is preserved below the neurologic level and includes segments S4 through S5; C (incomplete impairment), motor function is preserved below the neurologic level and more than half of key muscles below the neurologic level have a muscle grade of less than 3; D (incomplete impairment), motor function is preserved below the neurologic level and at least one-half of Vertebral body is divided in nine equal sections on anteroposterior and lateral radiographs. In this case, as cement was observed in each section, fi lling was considered as satisfactory. When even one section was cement-free, fi lling was considered as unsatisfactory.
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Saliou et al vertebral body, while one (two levels) had an intact posterior vertebral body with permeative spread of tumor to the epidural space ( Fig 5 ) . Twenty-two associated vertebrae without epidural involvement were also treated during the same procedure. The mean interval between onset of pain and vertebroplasty was 2.8 months (range, 0.5-12 months). The primary cancers were classifi ed in 18 categories ( Fig 6 ) . Forty-six percent of vertebrae treated were between T12 and L3 and only one cervical vertebra (C7) was treated. Fifteen (29%) patients showed signs of spinal cord or cauda equina compression; 11 of these presented with complete paraplegia (no motor function, ASIA scale A or B; fi ve involving the central cord, three involving the conus medullaris, and three involving the cauda equina) and four presented with incomplete paraplegia (ASIA scale C or D; four involving the central cord) ( Table 2 ) . Levels of complete paraplegia were at T5 ( n = 1), T8 ( n = 1), T9 ( n = 2), T10 ( n = 2), T12 ( n = 1), L2 ( n = 2), and L3 ( n = 1). Levels of incomplete paraplegia were at T4 ( n = 2), T10 ( n = 1), and T11 ( n = 1). No modifi cation of paraplegia was observed after vertebroplasty in any of these patients. Three (5.8%) patients underwent surgical laminectomy at the level of epidural Second, the various clinical, radiologic, and technical parameters were statistically tested by using univariate analysis. A Fisher exact test was performed for qualitative variables, and a Mann-Whitney test was used for quantitative variables. For the 13 univariate tests shown in Table 1 , an adjustement with a P value of less than .005 was considered to indicate a signifi cant difference.
Third, the incidence of epidural cement leakage was tested statistically by using multivariate analysis with separate logistic regression tests were performed by using software (LOGXACT, Cytel Software, Cambridge, Mass) for independent variables with a P value of less than .2. P values of less than .05 were considered to indicate a signifi cant difference. In view of the small sample size, only variables with a P value of less than .2 were selected for multivariate analysis.
Results
Seventy-four vertebrae were treated in 51 patients (mean vertebrae per patient, 1.5; range, 1-6) ( Fig 4 ) . Each patient presented at least one malignant vertebral fracture with epidural involvement. Fifty of the patients had associated destruction of the posterior with patients under general anesthesia or conscious sedation, depending on the patient's clinical condition and the number of vertebrae to be treated. In the case of conscious sedation, local anesthesia of the skin and soft tissues was performed along the passage of the trocar with 1% lidocaine (Xylocaine; Astra, Sodertalge, Sweden). Trocars were 10-gauge bevelled needles (Escoffi er Frères, Thonons-les-Bains, France) or 11-or 13-gauge needles (COOK, Bloomington, Ind). For vertebrae treated above T6, 13-gauge needles were used for a transpedicular approach and 10-or 11-gauge needles were used for a parapedicular approach at all spinal levels. The operator chose a transpedicular or parapedicular approach according to local anatomy (small or large pedicles, pedicle lysis).
Polymethylmethacrylate cement (Osteopal-V, BIOMET, Switzerland) was used for intravertebral injection performed by using lateral and anteroposterior fl uoroscopy. A maximum volume of cement was injected to fi ll the vertebra as completely as possible.
Patients with symptoms of partial cord compression systematically received postoperative steroid therapy (1.5 mg per kilogram of body weight of prednisone equivalent, once per day for 5 days). In the case of preexisting radiculopathy, an intraoperative perineural injection of anesthetic (Xylocaine; Astra) and hydrocortisone (Hydrocortancyl; Astra) was performed. If radiculopathy persisted after PV, another imaging-guided periradicular infi ltration was performed.
Statistical Analysis
First, a descriptive statistical analysis was performed. Dichotomous and categoric data are reported as numbers and percentages. Continuous data are reported as the means 6 standard deviations and the ranges. A Kaplan-Meier analysis was performed to investigate the cumulative proportion of analgesic effi cacy after vertebroplasty, with censoring of patients who did not obtain substantial pain relief, as presented in Figure 3 . 
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Statistical Results
The osteolytic or mixed (osteolytic and osteosclerotic) appearance of the vertebral lesions was not correlated with fi lling volume ( P = .013), but a larger volume of cement appeared to be necessary for vertebrae presenting purely osteolytic lesions. The appearance of the lesions was not correlated with the quality of fi lling or the risk of leakage. Isolated osteolysis of the posterior wall of the vertebral body was not correlated with fi lling volume. Osteolysis of the posterior wall of the vertebral body also was not correlated with quality of fi lling or the risk of cement leakage, especially epidural and foraminal leakage.
A combination of epidural involvement and osteolysis of the posterior wall of the vertebral body was not associated with the risk of epidural leakage. Epidural involvement was not correlated with the volume of cement injected, the quality of fi lling, or the risk of leakage (particularly foraminal and epidural). The number of needles inserted was correlated with the volume of cement injected per vertebra ( P , .001), but was not correlated with the risk of cement leakage or the quality of fi lling. The volume of cement injected was not correlated with the risk of leakage or the quality of fi lling. Multivariate analysis did not reveal any signifi cant results.
Statistical results with P values are presented in Table 1 .
Discussion
Our results are in line with those reported in the literature regarding the analgesic effi cacy of PV for this indication. The analgesic effect also persisted after PV in the relatively few patients with long-term follow-up. These results are also in line with those reported in the literature. The analgesic effi cacy of PV, defi ned as at least a 50% improvement in pain as compared with baseline, was achieved in most patients in this series, results similar to those of other reports of malignancies treated with vertebroplasty, albeit not with epidural disease ( 6,11-13,18 ). sic effi cacy) curve after vertebroplasty, with censoring of patients not obtaining signifi cant pain relief, is presented in Figure 3 .
The incidence of cement leakage was 61% (45 of 74) per vertebra ( Table 3 ) . Only one case of epidural cement leakage was symptomatic with onset of cauda equina compression symptoms 48 hours after surgery in a 74-year-old woman with a history of metastatic pancreatic adenocarcinoma. The patient presented with a compression fracture of L3 refractory to opioid analgesics ( Fig 7 ) . Radiation therapy was performed before PV and the patient experienced symptoms of L3 radiculopathy with no clinical symptoms of cauda equina compression. The vertebral lesions consisted of epidural involvement and osteolysis of the posterior wall of the vertebra. Forty-eight hours after PV, which relieved her spine pain, she developed progressive cauda equina syndrome. Emergency decompression surgery was performed with a good result. No systemic complications, such as pulmonary embolism, septic shock, cardiogenic or respiratory failure, or infection, were observed in this series. involvement 48 hours before vertebroplasty. Clinically, these patients presented with complete cauda equina compression (L2 and L3) and incomplete spinal cord compression (T10). One or more radiculopathies were associated with the vertebral lesion in 49% (25 of 51) of cases, either owing to foraminal extension of the vertebral lesions or nerve compression secondary to vertebral compression fracture or a fractured bone fragment. Radiation therapy was administered before PV in 20% ( n = 10) and after PV in 58% ( n = 30) of cases. One technical failure of PV at the T1 vertebra was observed. No patients initially presenting clinical symptoms of spinal cord or cauda equina compression ( n = 15) reported deterioration of symptoms after PV. Other results are presented in Table 3 .
Analgesic effi cacy on spinal pain, based on 50% or greater improvement in pain as compared with baseline, was rated at 94% (48 of 51 patients) at day 1, 86% (31 patients) at 1 month, 83% (19 patients) at 6 months, and 92% (11 patients) after 1 year (data are from surviving patients) ( Table 4 ) . A KaplanMeier (cumulative proportion of analge- 
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The incidence of cement leakage in this study was relatively high, occurring in greater than one-half of patients. The cement leakage rate in PV reported in the literature ranges between 11% and 73% ( 16, 17 ) . A study on the detection of leakage seen at CT compared with radiography reported that the leakage rate was often underestimated. When using CT, the authors detected 1.1 leakages per vertebra, whereas leakages were seen in only one-third of vertebrae on lateral radiographs and just less than one-half when using anteroposterior osteosclerotic lesions do not prevent adequate distribution of cement, as the sclerotic zones of mixed lesions often correspond to small osteosclerotic lesions in an osteolytic zone, allowing the spread of cement, in contrast with purely osteosclerotic lesions, in which calcifi cations occupy large volumes of cancellous bone, blocking progress of the cement. Calmels et al ( 4 ) has already shown that the quality of cement fi lling was signifi cantly less satisfactory only in the case of purely osteosclerotic lesions.
Two types of vertebral lesions were observed in this study, purely osteolytic lesions and mixed lesions (osteolytic and osteosclerotic). The volume of cement injected appeared to be higher for vertebrae with purely osteolytic lesions. On the other hand, the appearance of the lesions was not correlated with the quality of fi lling. One explanation for this fi nding could be that, in the case of mixed lesions, the osteosclerotic zone fi lls part of the intravertebral space, reducing the volume available for the injected cement. However, 
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Saliou et al ral involvement combined with osteolysis of the posterior wall of the vertebral body. One patient in this series presented cauda equina compression 2 days after PV. She had a purely osteolytic lesion and the quality of cement fi lling was considered to be satisfactory, but cement leakage in the spinal canal was subsequently demonstrated, possibly owing to injection of an excessive volume of cement. The volume of cement injected in this case was higher than the mean volume of cement injected per vertebra in our study. The mean and lateral views ( 19 ) . The comparatively high leakage rate observed in the present study could partly correspond to the fact that leakages were detected with CT after PV, and that most vertebrae presented cortical effraction. The foraminal leakages observed in this series were not responsible for any complications, in line with results from the study by Barragan-Compos et al ( 3 ), who found no correlation between foraminal leakages and neuralgia. In our series, spinal canal leakage was more often associated with epidu- One limitation of this study was its retrospective nature; however, a comprehensive analysis of all data was performed. All patients were reviewed 1 month after PV by the neuroradiologist who performed the procedure. Later follow-up was performed by a neurosurgeon or an oncologist. Medical information was then collected by means of review of the patients' medical charts. When insuffi cient information was available in the charts for our study, the oncologist in charge of the patient was contacted by telephone to obtain more data. Despite these measures, some patients were lost to follow-up. This study population often presented extensive vertebral lesions with or without associated epidural involvement. The relative risk of incidents or complications in patients with epidural involvement may therefore be underestimated. Another limitation of this study was the short life expectancy of the patients and the palliative nature of the treatment applied to a group of patients with multiple and often extremely complex medical histories. Death owing to rapid progression of disease may mask as many benefi cial effects as adverse effects of the procedure (seven [14%] deaths in month 1). On the other hand, the short life expectancy and concomitant treatments (opioid analgesics, orthosis) in these patients, related to disseminated bone lesions and systemic dissemination of the primary cancer, may lead to a negative bias toward the evaluation of the analgesic effect of PV. explanation is that the cement existed as too liquid a form when injected and may have accumulated in a zone of least resistance inside the vertebra. After reaching the resistance breaking point, fi lling volume was 4.7 mL in the study by Barragan-Compos et al ( 3 ) , which included 117 patients with 304 vertebrae treated for vertebral fractures owing to metastases. Another possible Note.-Data are the numbers of patients; percentages are in parentheses. Signifi cant and nonsignifi cant pain relief were calculated among surviving patients.
* Death was not a result of the procedure, but of the patient's underlying disease. 
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In conclusion, this retrospective study confi rms the feasibility, effi cacy, and safety of percutaneous vertebroplasty in the treatment of malignant vertebral fractures with epidural involvement, with or without neurologic symptoms of spinal cord or cauda equina compression. The complication rate was considered to be acceptable in view of the analgesic benefi t obtained. No deterioration of neurologic symptoms was observed after PV among the patients with neurologic symptoms of spinal cord or cauda equina compression. PV can therefore be proposed as part of the palliative care of patients in whom no further treatment options are available. A neurosurgical team must be close at hand to perform emergency surgical decompression in the case of neurologic complications.
